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The general analyses of the gas-off products by gas
chromatography were performed on an F&M Model 810 Research Gas
Chromatograph equipped with dual flame ionization detectors.

In most cases, a general purpose double column, 20-ft x 0.25-1in.
ss. 5% Carbowax 20M on 60/80 mesh Gas Pack F with a pre-column
of 12-ft x 1/8-in. ss. 7% neopentylglycolsuccinate on 60/80
mesh Gas Pack F (temperature programmed 50-185°C at 10°C/min)
was used because of its excellent partitioning properties for
both polar and nonpolar compounds. The pre-column of neopentyl-
glycolsuccinate provided a liquid system to aid in partitioning
the sample at temperatures at which the Carbowax 20M section
was still solid. Other columns were employed as needed.

Quantitative gas chromatography data were obtained by com-
paring the peak heights with those of a standard mixture. Gas
chromatographic instrument conditions are presented in
Appendix 11, Table XXCV.

Identifications of gas chromatographic fractions were made
by collecting components from the effluent gases and by subse-
quently characterizing them with mass spectrometry or infrared
spectrophotometry. Fractions were isolated by splitting the
effluent gases to permit a small percentage (10%)to pass
through the flame ionization detector and to direct the rest
through the trapping system. Most of the components were iso-
lated by using glass capillaries that were packed with 5%
Carbowax 20M on 60/80/mesh Gas Pack F substrate and cooled to
-195°C (Fig. 1).

b, Mass Spectrometric Analysis of Gas- Off Products

Mass spectrometric analyses were performed by taking an
aliquot (125 ml) of the atmosphere of the 9-liter bottle (Ref. 1).
Measurements were made with a Consolidated Electrodynamics
Corporation Model 21-103C Mass Spectrometer,

Identifications of individual components were made by mass
spectrometry and were supported by infrared absorption and by
gas chromatographic data as needed. Most of the mass spectra
obtained were compared to APl (American Petroleum Institute)
reference spectra. In cases where the requfred mass spectrum
does not appear in the APl collection, comparison was made with
spectra from our laboratory files or from the literature.
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Table II

TYPES OF COMPOUNDS .DETECTED

Inorganics

Ammonia
Carbon Monoxide

Alkanes

C, Hydrocarbon(s)
Cy Hydrocarbon(s)
Cs Hydrocarbon(s)
Cg¢ Hydrocarbon(s)
C, Hydrocarbons
Cg Hydrocarbon
Cg¢ Hydrocarbons
C1 9 -Hydrocarbons
Methane
3-Methylhexane

Alkenes

Butene

Dimethylbutene
Ethylene
Methylbutene(s)

Cs Unsat. Hydrocarbons
C¢ Unsat. Hydrocarbons
C» Unsat. Hydrocarbons
Cg Unsat. Hydrocarbons
Cq9 Unsat. Hydrocarbons
C,o Unsat. Hydrocarbons
Isobutylene
Methylpropene
Trichloroethylene
Tetrafluoroethylene
Trimethylhexane
Trimethylhexadiene(s)

10



V.

Table II - Continued

Alcohols

n-Butanol

2~-Butanol

sec-Butanol

tert-Butanol

2~ (2-Butoxybutoxy) Ethanol
2-n-Butoxy Ethanol
Diacetone Alcohol

Ethanol

2-Ethoxyethanol
2-(2-Ethoxyethoxy) Ethanol
Isopropanol

Mesityl Oxide

Methanol

2-Methoxyethanol
2-Methyl,l-butanol
2-Methyl,2-butanol
2=Methyl,l-propanol
2-Methyl,2-propanol
2-Phenyl ,2-propanol
n-Propanol

Alkyl Halides

VI.

Chloroform

Homologous Series of Chloro-fluorocarbons

Methylene Chloride
1,1,1-Trichloroethane
Trichlorofluoromethane

Carboxylic Acids and Their Derivatives

Acetic Acid

2-(2-Butoxybutoxy) Ethyl Acetate
2-n-Butoxyethyl Acetate
y-Butyrolactone

2-(2-Ethoxyethoxy) Ethyl Acetate
2-Ethoxyethyl Acetate

Ethyl Acetate

High M.W. Ethoxy Carboxylic Acid Esters
Methyl Tiglate

Tiglic Acid

11



VII.

Table II - Continued

Aldehydes

VIII.

Benzaldehyde
Butyraldehyde
2-Furaldehyde
2-Methyl,2-butenal

Ketones

IX.

Acetone

Acetophenone
2-Butanone

Methyl Cyclohexanone
4L-Methyl,2-pentanone

Ethers

Diethyl Ether
1,3-Dioxalane
1,4-Dioxane
Epichlorohydrin
Ethylene Oxide
N-Methyl Morpholine

Aliphatic Nitrogen Compounds

XI1.

Dimethylamine
Nitromet hane

Cyclic Hydrocarbons

X1,

Cyclohexane

Benzene and Its Homologs

C3 Alkyl Benzene(s)
Cy Alkyl Benzene(s)
Cs Alkyl Benzene(s)
Benzene

Ethyl Benzene

Methyl Ethyl Benzene
Phenyl Pentane
Toluene

Xylene

12



XL,

Table IT = Continued

Aryl Halides

XIV.

Dichlorobenzene

Aromatic Hydroxy Compounds

Phenol

Aromatic Acids and Their Derivatives

XVI.

2,4-Dichlorobenzoic Acid

Silicon Compounds

Trimethyl Silanol i
Various Cyclic and Linear Methylsiloxane
Polymers

13
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Hydrocarbons are frequently listed only by carbon number.
From observations of the chromatograms, it will be noted that
a hydrocarbon of a given carbon number may have any one of a
variety of retention times. The approximate order in which
hydrocarbons elute with the particular column configuration
used for this study is: aliphatic saturated hydrocarbons first,
then aliphatic unsaturates, cyclic saturates, and, finally,
cyclic unsaturates. Of course, the degree of branching also
influences the retention time.

There are several other cases where the gas-off products
are calculated collectively. During gas-off studies (Ref. 1)
in the past, a series of volatile linear and cyclic siloxane
polymers (having dimethyl siloxy groups as monomer units) have
been observed from certain silicone base materials. This vola-
tile portion is listed in the tables simply as silicone oil.

The candidate material, Fluorclub 0Oil FS-5 (AF 305), gave
gas-off products composed of chlorofluorocarbons of various
chain lengths. A value for the total amount of these gas-off
products that are present is reported.
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SECTION III
ANALYSES OF BIO-ENVIRONMENTAL ATMOSPHERES

A portable system for cryogenic trapping of atmospheric
contaminants from bio-environmental chambers was constructed
to be used at Wright-Patterson Air Force Base. Front and back
views of the system are shown in Figures 4 and 5. For on-site
use, the Welch Duo-Seal vacuum pump (shown in Figures 4 and 5)
was replaced with a Bell & Gossett, Inc. high-volume oil-less
vacuum pump. Typical Pyrex traps (fitted with quartz baffles)
that are used with .the cryogenic system are shown in Figure 6.
Contaminants are collected at three different temperatures
[0°, -76°, and -175° (or =195°C)] by passing the atmospheric
gas of the chamber serially through the traps.

Bio-environmental Sample No. 1 was collected from Thomas
Dome No, 4. Thomas Dome No, 4 housed dogs and monkeys at
5-psia oxygen, The coolants used in the three traps of the
collection train were ice-water, dry ice-methylene chloride,
and liquid nitrogen. Twenty liters of air were drawn through
the trapping system at the rate of 150 ml/min. In addition,
a specimen of air from the dome was collected for the anaIyS|s
of noncondensible gases. An analysis of the dome atmosphere is
given in Appendix III, Table XXCVI.

A solid white material from Bio-environmental Sample No. 1,
collected in the ice water trap, was identified as a mixture of
ammonium compounds that were tentatively characterized for the
most part as ammonium sulfate, sulfite, and/or bisulfate. No
lithium carbonate was detected.

Methylene chloride, which was found in the traps, at first
wes thought to be the product from a slight leak which allowed
the methylene chloride from the dry-ice trap to enter the trap
manifold. However, since, the compound was also present in the
sample of untrapped air, it is believed to actually be present
in the dome atmosphere.

Bio-environmental Sample No. 2 consisted of a cylinder of con-
taminated aviator's breathing oxygen. The identity of contami-
nants which caused nausea were sought. Two impurities were
found and are listed in Appendix III, Table XXCVII.

17



‘%»\m\\«ﬂ o - .
. -
. B . .

S
i

te e
o
Saooas

mmr

mwww\. .
.
b
«m\%w»m%
.

s
o w e
i %

o

~

s 25
_

.

.
«m\,m,»ﬂw S

,,“\\u«‘m...n% - ,%myw\\ﬁ.m&\a@kwum 4 \HWNM& e
- -
- .
o
-

N

o

e

e
-

s

%%F%w@%

e —
-

e

=

o

ironmental

io-envi

for B

iew)

System

ing

ic Trappi
iments (Front V

Cryogen
Experi

igure 4.

F

18



s

Ero

i

-
.
.

s
.
.

.

ironmental

io-envi

iew)

System for B

ing

Trapp
iments (Rear V

ic

en

Cryog
Exper

5

igure

F

19



< : o
- m?:»\g&. o

.

Lo
-
co

=
2

Pyrex Traps and Attachments Used
with Cryogenic Trapping System.

Figure 6.

20



Bio-environmental samples No. 3 and No. 4 were collected
from the atmosphere of a test chamber in which an accidental
spill of the functional fluid, Hydrotherm 700B (composed of
mixed Cg silicates, e.g., n-octyl and ethylhexyl silicates)
had occurred.

In Sample No. 3 (the first specimen collected from the
chamber) two of the components were the same as those of the
products obtained by hydrolysis of the functional fluid. In
addition, a third component (trichloroethylene) weas detected.

Sample No. 4 was collected from the chamber after the
chamber had been flushed with alr. The same components (but
at a much lower level) that were found in Sample No. 3 were
detected in Sample No. 4. Data for Samples No. 3 and No. 4
are shown in Appendix III, Table XXCVIII.
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SECTION 1V
CONCLUSIONS

Gas-off products from cabin materials are not mysterious
fumes, but are, mostly, commonplace chemicals. As expected,
the major yields of gas-off products occur with the paint and
coating candidates, which desorb entrapped solvents and plasti-
cizers. Lesser, yet significant amounts of contaminants result
from oxidation, hydrolysis, and sublimation processes.

Even after pretreatment at 25°C and 0.1 torr, considerable
amounts (up to 80 mg/10 grams of candidate material) of gas-off
products have been detected from materials (such as coatings,
paints, and adhesives) that were prepared immediately prior to
testing. In most cases, larger amounts of contaminants are ob-

served after 14 days at 68°C, than are observed after 30, 60,
and 90 days at 25°C.

Surprisingly high levels of carbon monoxide have been ob-
served for some materials when stored for 14 days at 68°C. In
some cases, extremely large increases (200-fold) in the carbon
monoxide level were observed when the storage temperature was
raised from 25°C to 68°cC.
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RECORDER RESPONSE

x8

Irradiated Pelrvinylidenefluoride,

QT 850, {AF 010)
Storage Cenditions - 14 days 2 8¢

Air
8-Propanol
Ethanol

[T

Toluene
= .,n..u\..o]
= !xy]ene

Mmoo TC >

[

Figure 10.

MINUTES

Gas Chromatogram of Gas- Off Products from
Irradiated Polyvinylidenefluoride, RT 850
(AF 010) (14 days @ 68°¢C)
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RECORDER RESPONSE

Phenolic Resin. BKS-2600 (AF 020)
Storage Conditions - 14 days Q 68°C

A = Air

B = Methanol
C = Acetone
0 = Ethanol

X8

Il‘lllllllll‘!‘l‘l_‘lllllllllllllllllllllll1

4 8 12 16 20 24
MINUTES

Figure 16. Gas Chromatogram of Gas-Off Products from
Phenolic Resin, BKS-2600 (AF 020)
(14 days @ 68°cC).
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RSCORDER R<SPONS:

Melamine, Modified, U-86-F (AF 025

Storage Conditions

Air

nw

€y Saturated 6
Benzene
n-Propanol

Toluene
n-Butanol

}Xylenes

TR I I I BN T R )

4 X POZEIr RO —ILO MMOO ® >

x16

} C3 Alkyl Benzenes

C, Alkyl Benzenes
€5 Alkyl Benzenes

= 30 days & 25°

Cg Saturated & Unsaturated Hydrocarbons
€, Saturated & Unsaturated Hydrocarbons
Cg Saturated & Unsaturated Hydrocarbons
Eethanol 6 Isopropanol

nsaturated Hydrocarbons

C19 Saturated & Unsaturated Hydrocarbons K |

FE

x64 x16 x2 x1

Figure 18.

MIKUTES

Gas Chromatogram of Gas-Off Products from
Melamine, Modified, U-86-F (AF 025)
(30 days @ 25°9C).
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RECORDER RESPONSE

Ink, #d 7133 FP (AF 042)

Storaje Conditions - 30 days @ 25°C
A = dethane arid Air K = n-Butanol
B = Cg Hydrocarson L = Etnyl Benzene
C = Cg Hydrocarbon i = Ethylmethyl Benzene
D = ketone N =
E = Butyraldehyde 0=
| L adatanone o o {6310 Cu Akl
H = n-Propanol g = | Denzenes
II | = 4-Metnyl-2-pentalione § =
J = Toluene 7=
H

A \ L Uy
K 0 » s T
s AL

I\
¢ G
’ uj\
X64 X8
Illllllll|1||1111|||a|1|l|||\\\\
8 12 16 20 24 28
MINUTES
Figure 28. Gas Chromatogram of Gas-Off Products from

Ink, MM 7133 FP (AF 042) (30 days @ 25°C).
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RECORDSR R<<POQSE

Adhesiv Haterial, A-2 (AF 062)
Storage onditions - 14 days ® 68°C

A
A = Ethylene
8 = Ethylene Oxide
/\ C = Toluene
B ¢
_—
X8
—t +—+ +—+ 34 11 1 [ t ot 1.1 [ |
4 8 12 16 20 24
MiNUTES
Figure 34. Gas Chromatogram of Gas- Off Products from

Adhesive Material, A-2 (AF 062)
(14 days @ 68°cC).
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RECORDSR RESPONSZ

x8

Form Non-Toxic EMS, EMS 361 (AF 069)
Storage Conditions - 14 days @ 68°C

A = Air E = n-Propanol
8 = Acetone F = Toluene
B E géﬁESH%HOI a - }Xy]ene

Figure 36.

MINUTES

Gas Chromatogram of Gas- Off Products from
Form Non-Toxic EMS, EMS 361 (AF 069)
(14 days @ 68°C).
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RECORDER RESPONSE

TFE and Glass Fiber, Tefglas Tape 90,
LOF 13 (AF 103)
Storage Conditions = 14 days @ 68°C

MINUTES

Figure 39. Gas Chromatogram of Gas-Off Products from
TFE and Glass Fiber, Tefglas Tape 90, LOF 13
(AF 103) (14 days @ 68°cC).
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RECORDER RESPONSE

Polyurethane, A206 (AF 105)
Storage Conditions - 60 days @ 25°C

A = Air
B = Toluene
C = Xylene
A
B ¢
[Ny e
X8
| (| | 11 l [ | | 1.1 ' 11 | 1.1 l | | I 1 H I i i ‘ | 1 | ] ! I (|
0 4 8 12 16 20 2
MINUTES

Figure 40. Gas Chromatogram of Gas- Off Products from
Polyurethane, A206 (AF 105) (60 days @ 25°C).
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R<CORDSR R<SSPONS:

Silicone Elastomer. 6000-40 (AF 112)
Storage Conditions - 90 days @ 25°C

OTMMO O ®@ >

LR IR TR

EF

Gas Chromatogram of Gas- Off Products from
Silicone Elastomer, 6000-40 (AF 112)

(90 days @ 25°¢).

Figure 41.
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RSCORDER R<SPONS:

Phenolic, Durez 17156 (AF 113)
Storage Conditions - 90 days @ 25°C

ir {not shown)
oluene

ylene
-Furaldehyde
henol

mooOe>
U I ]
TN > o Ta

w— Y — ]

E
Xe
1.1 l 11 l | l 14 1 i1 1 I I | I 1 1 l 1 1 l | | I 1 1 I 1 | l i
8 12 16 20- - -1 1I---44 48 52
MINUTES
Figure 42. Gas Chromatogram of Gas-Off Products from

Phenolic, Durez 17156 (AF 113) (90.days @ 25°C).

144



RSCORDSR R<SPONS<

Silicone Elastomer, 0C 340 (Af-114)
Storage Conditions - 14 days @ 68°C

B A=A
g :)smcone 0i1
D = Trimethyl Silanol

X8
LI i i 1 1 H 1 i i i 1 1 i 1 1 1 1 1 1 1 1 1 H 1, |
0 4 8 12 16 20 24
MINUTES
Figure 43, Gas Chromatogram of Gas- Off Products from

Silicone Elastomer, DC 340 (AF 114)
(14 days @ 68°cC).
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PELARNREM  M<SPONSE

Polyester/Glass, 1304/161 (AF 130)
Storage Conditions - 14 days @ 68°C

A = Air F = n-Propanol
B = Acetone G = 2-Butanol

¢ = Isopropanol H = n-Butanol

p = t-Butanol I = Xylene

E = Benzene

(e

Figure 52.

MINUTES

Gas Chromatogram of Gas- Off Products from
Po:ﬁzester/Glass, 1304/161 (AF 130)
(14 days @ 68°C).
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RECORDER RESPONSE

Epoxy/Glass, Narmco 570 (AF 131)
Storage Conditions = 90 days @ 25°C

A = Air
B = Acetone

X8

Figure 53. Gas Chromatogram of Gas-Off Products from
Epoxy/Glass, Narmco S70 (AF 131)
(90 days @ 25°C).
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RSCORDSR R<SPONS:

x4

Rubber Adhesive. Velcg Adheswe 40 (AF 134)
Storage Conditions = 14 days

-y
ORI AL MITOTIMIN® >

}Cz to Cg Unsaturated Hydrocarbens

Acetone

2-Butanone
2-Methyl-&pentanane
Toluene

Xylene

L IR I B R TR I '}

;C; to C, Alky) Benzenes

X1

Figure 54,
(14 days

MINUTES

Gas Chromatogram of Gas- Off Products from
Rubber Adhesive,

e} Velco Adhesive-40 (AF 134)
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RSCORDSR RsSPONS:

Corrosion Preventative Resin, SR-701 {AF 135)
Storage Conditions = 30 days @ 25°C

B # kthaeodnd? Isopropanol
C = sec:Butanol

D = n-Butanol

E

F

= 2-Methyl.2-butanol
= Xylene

x128

MINUTES

Figure 55. Gas Chromatogram of Gas- Off Products from
Corrosion Preventative Resin, SR-701
(AF 135) (30 days @ 25°C).
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RFCORDSR  RSS ONSE

Epoxy/Glass, E7022 (AF 140)
Storage Conditiens - 14 days @ 68°C

A = Air
8 = Acetone
C = €g Hydrocarbon

X64 X8

Figure 56.

Gas Chromatogram of Gas-Off Products from
Epoxy/Glass, E7022 (AF 140) (14 days @ 68°C).
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RSCORDSR R<SPONS<

16

o

X32 Xié

Sealing Room, Grade A Loctite (AF 141)
Storage Conditions - 14 days @ 68°C

2-Methyl Propene and Air
Cs Hydrocarbon

Acetone

Butyraldehyde

Ethanol

1,3-Dioxolane
1,4-Dioxane

Xylene

Ethyl Hethyl Benzene

C3 to C5 Alkyl Benzenes

Oz R RL—TOTMOO®E>

S H W W MW E D HE B NN

Acetophenone
2-Phenyl ,2-gropancl (not shown)

Figure 57. Gas Chromatogram of Gas- Off Products from
Sealing Room, Grade A Loctite (AF 141)

(14 days @ 68°c).
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RSCORDSR R<SSPONSE

Sealant, Loctite AV(10-10) (AF 142)
Storage Conditions = 30 days @ 25°C

Methylpropene and Air

Cs Unsaturated Hydrocarbon
€s Unsaturated Hydrocarbon
benzene

2-Butanone

Toluene

xMerne
ethylethylbenzene
€, Alkyl Benzenes

[T I TR TR 1}

CwmiTOTMDOm>

woaow

I
)
G

x16
I 1 i l i ] | 11 l ] i l 1 H I 1 1 | 1 1 ' 1 i l i 1 l 1 i ' 1 I ‘ 1%

4 8 12 16 20 %

MINUTES

Figure 58. Gas Chromatogram of Gas-Off Products from

Sealant, Loctite AV(10-10) (AF 142)
(30 days @ 25°C).
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RSCORDSR R=<PON<:

Loctite, Grade C Loctite (AF 143)
Storage Conditions - 14 days @ 68°C

2-Methyl Propene and Air
Cg¢ Hydrocarbon
Butyraldehyde

Ethanol

Benzene

1,3-Dioxolane

Toluene

1,4-Dioxane

Xylene

C; to Cs Alkyl Benzenes

- R AREC—TOTMOO W

LR I R I TR A S )

Acetophenone

‘ G
X16 X64 X8
. ! 1 I | | | 1 i I I | 1 I i 1 I ! | l H 1 I { i ] 1 i l I -
8 12 16 20 24 28
MINUTES
Figure 59. Gas Chromatogram.of Gas- Off Products from

Loctite, Grade C Loctite (AF 143)
(14 days @ 68°zY,
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RECORDER RESPONSE

Phenolic, Glass, 4030-190 (AF 208)
Storage Conditions = 14 days @ 68°C

A= Air
B = Ethanol
B
l
A
k164
0 4 8 r 16 20 24
MINUTES
Figure 60. Gas Chromatogram of Gas- Off Products from

Phenolic, Glass, 4030-190 (AF 208)
(14 days @ 68°cC).
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RECORDER R<SPONS:

Butyl, SR 694-70 (AF 211)
Storage Conditions = 14 days @ $8°¢C

Air
}Cz to C, Hydrocarbons

Isobutylene

Is%propanol
n-Propanol
Toluene

OTMEs oW >
LR TR TIE ]

1 1 TR TR VRN (RSN SN PR R [P B

0 4 8 » 16 20 24
MINUTES

Figure 61. Gas Chromatogram of Gas-Off Products from
Butyl, SR 694-70 (AF 211) (14 days @ 68°C).
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RECORDER RESPONSE.

TFE, Teflon T-5 (AF 215)
Storage Conditions - 14 days & 68°C

A = Air

8 = Benzene
C = Toluene
D = Xylene

Note: Tetrafluoroethylene and chloroform
undetectable by Gas Chromatography
were calculated from Mass Spectrom-
etry data.

MINUTES

Figure 62, Gas Chromatogram of Gas-Off Products from
TFE, Teflon T-5 (AF 215) (14 days @ 68°C).
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RECORDER RESPONSF

Polyamide, Zytel 101 éAF 217)
Storage Conditions = 60 days e gs5°¢

A= Air
B = n-Propanol
C = Toluene
D = Xylene
A
B ¢ D
X8
| T DR [ | At | N R T | ;
L 8 12 16 20 2
MINUTES
Figure 63. Gas Chromatogram of Gas-Off Products from

Polyamide, Zytel 101 (AF 217)
(60 days @ 25°¢C).
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RSCORDER RESPONSE

silicone. q 3-0079 (AF 221) .
Storage Conditions - 14 days @ 68°C

A = Air

B8 = Acetone

C = Methyl Ethyl_Ketone .

D = Toluéne and Trimethyl Silanol
E = Xylene

Silicone Oil and Acetic Acid were
calculated from Mass Spectrometric
Data.

X8

ll‘lllllllllllllll_lllLll_lIILII|1‘IIJ_I_

0 4 8 12 16 20 2

MINUTES

Figure 64. Gas Chromatogram of Gas- Off Products from
Silicone, Q 3-0079 (AF 221)
(14 days @ 68°C).
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RSCORD=R R<SPONSE

Silicone, RTV 102 (AF 223)
Storage Conditions = 14 days @ 68°C

A =Air
8 = Ethanol
C = n-Butanol
D = Xylene
A
B c b
X8
Llllllllllll]llllll_lIlll'llllljlll
4 8 12 16 20 24
MINUTES
Figure 65. Gas Chromatogram of Gas— Off Products from

Silicone, RTV 102 (AF 223) (14 days @ 68°C).
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RECORDER RESPONSE

Epoxy Polyamide, Epon 828/Versamide 115 (AF 228)
Storage Conditions = 90 days @ 25°C

]
W >
@
=1
N
@
=1
@

X8
4L_l|ll|lilLIILll'!llilln_llellllIl
s 8 © 16 20 24
MINUTES
Figure 66. Gas Chromatogram of Gas-Off Products from

Epoxy Polyamide, Epon 828/Versamide 115
AF 228) (90 days @ 25°C).
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RECORDER RESPONSE

Silicone”. RTV 560 (AF 232)
Storage Conditions - 60 days @ 25°C

A = Air

8 = Methanol
C = Acetone
D = Ethanol

g ©
(8
i |||I||||[|]||||Ill||llllll|
8 12 16 20 24
MINUTES
Figure 67. Gas Chromatogram of Gas- Off Products from

Silicone, RTV 560 (AF 232) (60 days @ 25°C).
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RECORDER RESPONSE

Epuxy/Glas, FF 95 (AF 240)
Storage Conditions - 14 days @ 68°C

A
B
C
1]
E

Air
Benzene
Toluene

]Xylenes

v

[

A
x8
t "Illll‘ll!lllll]ll
4 a 12 16 20 24
MINUTES
Figure 68. Gas Chromatogram of Gas- Off Products from

Epoxy/Glas, FF95 (AF 240) (14 days @ 68°C).
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RSCORDSR R<sSPOQSE

Thermal Insulation, MIN-K-503 (AF 244)
Storage Conditions = 90 days @ 25°C

A
B C
XS
1 |ll|ll IIl|l'|ll|l|lllllll'llllll I
4 8 12 16 20 24
MINUTES
Figure 69. Gas Chromatogram of Gas-Off Products from

Thermal Insulation, MIN-K-503 (AF 244)
(90 days @ 25°cC).
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RECORDER RESPONSE

Silicone, Silastic 651 {AF 245)
Storage Conditions - 14 days @ 68°C

= hir
Acstone
= Siloxanes

A
3=
C

D = Toluene
E =

F

G

DT

}x:/lenes
Dicalorobenzene

X8 X32
| H | i 1 i ! l i 1 ! b1 l i | I ] 1 l 1 | 1 1 1 l 1 1 I { J
4 8 12 16 20 24
MINUTES
Figure 70. Gas Chromatogram of Gas-Off Products from

Silicone, Silastic 651 (AF 245)
(14 days @ 68°C).
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RECORDSR R<SPOQSS

Polyester. 400-Velvet Coating (AF 253)

Storage Conditions - 14 days @ 68°¢ ]
A = Air F = Toluene

B = Acetone [ =}

C = EBthanol & Isopropanol H = J Xylenes

4 = Benzene =

£ < ti-Propanol | C3 Alkyl Benzene

x1 x32 x1

MINUTES

Figure 71. Gas Chromatogram of Gas- Off Products from
Polyester, 400-Velvet Coating (AF 258)
(14 days @ 68°c¢C).
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RECORDER RESPONSE

Independent 73X, NAA &AF 259)
Storage Conditions - 14 days @ 68°C
A = Air 5 = n-Propanol
8 = Methanol H = Toluene
€ = Acetone | = n-Butenol
0 = 2-Propanol 3=
E = Ethanol _ {Xy]ene
D F = Benzene (= 3 ~ikyl Benzene

X8 Xié X8

MINUTES

Figure 72. Gas Chromatogram of Gas-Off Products from
Independent 73X, NAA (AF 259)
(14 days @ 68°C).
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RECORDSR RsSPO SE

Fluorolube 0il, FS-5 éAF 305)
Storage Conditions = 60 days @ 25°C

Homologous series of chlorofluorocarbons.

X8
[ [ [ [ [ Lo 11 L o . N |
4 8 12 16 20 24
MINUTES
Figure 73. Gas Chromatogram of Gas- Off Products from

Fluorolube 0il, Fs-5 (AF 305)
(60 days @ 25°C).
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X8

Phenol Resin/Molyb Disule, Everlube 620 (AF 308)
Storage Conditions = 14 days @ 68°C

Alr

A= A

8 Acetone

C = Ethanol and lIsopropanol
0 Toluene

an ni w4

X32 X8

Figure 74, Gas Chromatogram of Gas- Off Products from
Phenol Resin/Molyb Disule, Everlube 620

(AF 308) (14 days @ 68°C).
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RECCRDER RESPONSE

AL IO e o 08 09 J
é N fa\gtrhanol g :}Xylenes
C = Ethanol & Isopropanol | = ¢4 Alkyl Benzene
D = sec-Butanol Jd = 2-Ethoxy Ethyl Acetate
E = Toluene K = 2-n-Butoxy Ethanol
F = n-Butanol L = 2-(2-Ethoxyethoxy) (]
Ethanol
]
¢
1
L
A
E
B \ N K
D J
X x8 x32 x8 x32 x4 X
lllll|||l|l|ll!l:illlllllll'll'llllf
4 8 12 16 20 24
MINUTES
Figure 75. Gas Chromatogram of Gas-Off Products from

Lubricant Molyb Disigraphite Molykote X106
(AF 309) (14 days @ 68°C).
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RECORDER RESPONSE

be Disule/Na Silicate, Electroflln 2306 (AF 310)
Storage Conditions - 14 day

A= Alr
B = n-Butanol
t = Xylene

x8

4 8 12 16 20 2
MINUTES

Figure 76. Gas Chromatogram of Gas- Off Products from
Molyb Disule/Na Silicate, Electrofilm 2306
(AF 310) (14 days @ 68°C).
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RSCORDSR R<SPONSZ

Paint, Silver Conductive {AF 312 |
Storage Conditions - 14 days @ 68°C

A = Air F = n-Butanol

B = Ethanol & Isopropanol G = Xylene

C = n-Propanol H = Ethoxy Ethyl Acetate

D = Toluene | = 2n-Butoxy Ethanol

E = 2-Methyl,2-Butanol J = 2-(2-Ethoxyethoxy}Ethyl

Acetate

X8 X32 X8

o b v by b by g by b b by e by g b gy |
0 4 8 12 16 20 24
MINUTES

Figure 77. Gas Chromatogram of Gas-Off Products from
Paint, Silver Conductive (AF 312)
(14 days @ 68°cC).

179 -



RECORDZR R<SSPONS:

Sealant, DC 4094 Primer {AF 315)
Storage Conditions - 14 days # 68°C

A= Air
B B = Benzene

Figure 78. Gas Chromatogram of Gas-Off Products from
Sealant, DC 4094 Primer (AF 315)
(14 days @ 68°cC).
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RECORDER RESPONSE

-

¢ Sealant. BC 90-092 1 prt. Silico (AF 316)
Storage Conditions - 14 days & 68°C

A = Air

B = Acetone
C = Benzene
D = Toluene
E = Xylene

|
8
i ‘JA, l 1 1 ! l 1 i J, 1 1 ] 1 1 l 1 | i 1 i ] B T | l P 1 ' 1 1 l i ;1 l 1
4 8 12 16 20 2
Figure 79. Gas Chromatogram of Gas— Off Products from

Sealant, DC 90-092 1 prt.

Silicone (AF 316)
(14 days @ 68°C).
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RECNRDFR  RESPONSS

Sealant, RTV 11 Silicone (AF 317)
Storage Conditions - 14 days @ 68°C

moow >
wonon o

x8

MINUTES

Figure 8o. Gas Chromatogram of Gas-Off Products from

Sealant, RTV 11 Silicone (AF 317)
(14 days @ 68°C),
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RECORDSR R<SPOQSS

Figure 81.

Coating, Anti-Fray Solution, Sergene Anti-Fray (AF 3206)
Storage Conditions - 14 days @ 68°C

b

r
Toluene
Xylene
High #.4. Alkyl Benzene

ooOw>

8 12 16 20
MINUTES

Gas Chromatogram of Gas-Off Products from
Coating, Anti-Fray Solution, Sergene
Anti-Fray (AF 320) (14 days @ 68°C).
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RECORDER RESPONSE

Adhesive, DC 140 Silicone (AF 329)
Storage Conditions = 90 days @ 25°C

A = Air
B = Siloxanes
C = Trimethyl Silanol

[t ]

T T T B I T T A AR TR SN T S T A
' ‘ 8 12 16 10 n
MIRUTES

Figure 82. Gas Chromatogram of Gas- Off Products from
Adhesive, DC 140 Silicone (AF 329)
(90 days @ 25°¢C).
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RECORDER RESPONSE

%128

Green Ink, OPCO F-100 Ser Breen éAF 330)
Storage Conditions = 90 days @ 25°C

A

8

c

0 = Mesityl Oxide
E 2-Ethoxy Ethanol
G

Xylene
Diacetone Alcohol

x8

Figure 83.

12 16
- MINUTES

Gas Chromatogram of Gas- Off Products from
Green Ink, OPCO F-100 Ser Green (AF 330)
(90 days @ 25°C),
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U<CORDSR QSPONSS

Cement, Clinco NO,, C, 242 (AF 336)
Storage Conditions - 90 days @ 25°C

A = Air G = n-Butanol
B = Acetone H=
B S
E = n-Propanol X - Ly Alkyl
F = sec-Butanol L= h
F
A |
|
|
G ; L
B ¢CDd ¢
x$8
1 1 11 1 ! i i | 1 | | | ] | 1 1 1 1 1 1 1
4 8 2 16 20 24
MINUTES
Figure 84. Gas Chromatogram of Gas-Off Products from

Cement, Clinco NO,, C, 242 (AF 336)
(90 days @ 25°C).
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RSCORMSR RsSPOQZE

Thermoset Plastic, Epiuond 122-Hrd 952 (AF 337)
Storage Conditions = 14 days @ 68°C

A = Air
8 = tert-Butanol
C = sec-Butanol
D = Toluene
E = n-Butanol
E
B
¢ D \
2 X1 X128 X1
lL]l]lll‘ll‘l!llllllllll]l!llllllll
4 8 12 16 20 24
MINUTES

Figure 85. Gas Chromatogram of Gas-Off Products from
Thermoset Plastic, Epibond 122-Hrd 952
(AF 337) (14 days @ 68°C),
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RECORDER R<SPONS:

(AF 358)
Storage Conditions - 90 days @ 25°C

A = Air

8 = ketone
C = Benzene
0 = Toluene

X8

Figure 86. Gas Chromatogram of Gas- Off Products from
(AF 358) (90 days @ 25°C).
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RSCORDSR R<SPONS:

Thermoset Plastic. Glidfoam 6059/5027 (AF 361)
Storage Conditions = 14 days @ 68°C

ir

reon 11
sopropanol

oluene
Mosbe-lel-butanol
Xylene

STTmo oW >
>

L I R TR T
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18
L 11 ] | j - | 1 4 4 J 1 4 J i ¢ I i 1 1 1 4 1 1 4 4 I | | { - 1 } I 11
0 4 8 r 16 20 24
MINUTES
Figure 87. Gas Chromatogram of Gas- Off Products from

Thermoset Plastic, Glidfoam 6059/5027
(AF 361) (14 days @ 68°C).
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Table XXCV

GAS CHROMATOGRAPHIC INSTRUMENT CONDITIONS

A1l samples were analyzed using a flame ionization detector and
a F&M Model 810 Research Gas Chromatograph.

Instrument Conditions

Column: 12- ft x 1/8-in. 0.D., 7%neopentylglycolsuccinate
on 60/80 mesh Gas-Pack F + 20-ft x 1/4-in. 0.D.,
5% Carbowax 20M on 60/80 mesh Gas-Pack F.

Column Temperature: programmed 50°-185°C @ 8°C/min.
Detector Temperature: 275°C

Injection Port Temperature: 250°C

Flow Split: 1:9

Flow Rate: 60 ml/min

Range: 10

Attenuation: X8, or as noted

Sample Size: 25 cc of gas
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APPENDIX IIT

ANALYSES OF BIO-ENVIRONMENTAL ATMOSPHERES
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Table XXCVI

ANALYSIS OF ATMOSPHERE OF THOVIAS DOME NO. 4
(CONTAINING DOGS AND MONKEYS)

Bio-environmental Sample No. 1

Compound Level in mg/m®
Combined methyl and ethyl amines 12
Methane 3
Acetone 4
Carbon monoxide 2
Methylene chloride 8
Benzene 0.2
Toluene 0.1
Xylene 0.2
Diethy 1 ketone 2
Methyl isobutyl ketone 0.1
Dimethy 1 formamide 0.004

(tentative identification)

Phenol (tentative identification) 0.008
Carbon disulfide S
Hydrogen sulfide 5
Solid ammonium salts (estimated) 50 mg/m?
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Table XXCVII

ANALYSIS OF CONTAMINATED BREATHING OXYGEN

Bio-environmental Sample No. 2

Impurity Level (ppm)
Methane 25
Carbon disulfide 20-40
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Table XXCVIII

ANALYSIS OF TEST CHAMBER ATMOSPHERES

Bio-environmental Samples No. 3 and No. 4
Level (ppm)
Component Sample No. 3 Sample No. &
Hydrolysis product of .
Hydrotherm 700-B¥ 100 50
" 5 0.5
Trichloroethylene 10

1

*Functional fluid comprised of mixed Cg silicates.
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